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® A valve operating system in an overhead cam 
type multicylinder internal combustion engine having 
three intake-side rocker arms (36,37,38) disposed to 
operate a pair of intake-valves (VM,VI2) and two 
exhaust-side rocker arms (41,42) disposed to op- 
erate a pair of exhaust valves (VE1 ,VE2). The intake- 
side rocker arms are provided with a connection 
switchover mechanism (60) capable of switching- 
over the connection and disconnection of the adja- 
cent intake-side rocker arms. Exhaust-side cams 
(34,35) are provided on a cam shaft (25) on opposite 
sides of intake-side cams which are provided adja- 
cent one another. Two of the intake-side rocker arms 
and both of the exhaust-side rocker arms are in 
rolling contact with the corresponding cams through 
rollers (42,43,44,45) mounted on the rocker arms. 
The exhaust-side rocker arms are provided with 
notches (47,48) in the area near the cam shaft for 
accommodating portions of the intake-side rocker 
arms, respectively. Thus, it is possible to reduce 
valve operational frictions loss to the utmost, to 
position the rocker arms in an axially compact ar- 
rangement and to position the intake valves and 
exhaust valves such that their axes lie at a small 
angle. 




Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.4) 



1 



EP 0 601 250 A1 



2 



The present invention relates to a valve operat- 
ing system for an internal combustion engine hav- 
ing a single camshaft for a cylinder with three 
intake cams arranged for engagement with three 
intake rocker arms that are selectively coupled and 
uncoupled for operating two intake valves and two 
exhaust cams arranged for engagement with two 
exhaust rocker arms that operate two exhaust 
valves for the cylinder. 

A valve operating system for a plural cylinder 
internal combustion engine is already known, for 
example, from Japanese Patent Application Laid- 
open No. 57806/88, which comprises first, second 
and third intake-side cams and first and second 
exhaust-side cams for each cylinder all provided on 
a single overhead cam shaft, first and second in- 
take-side rocker arms operatively connected in- 
dependently to a pair of intake valves for each 
cylinder and a third intake-side rocker arm dis- 
posed between the first and second intake-side 
rocker arms, which arms are swingably carried on 
an intake-side rocker shaft in engagement with the 
first, second and third intake-side cams, respec- 
tively, first and second exhaust-side rocker arms 
operatively connected independently to a pair of 
exhaust valves for each cylinder and swingably 
carried on an exhaust-side rocker shaft in engage- 
ment with the first and second exhaust-side cams, 
respectively, and a connection switchover mecha- 
nism provided on the intake-side rocker arms ca- 
pable of switching-over the connection and dis- 
connection of the adjacent intake-side rocker arms. 

In the above-described prior art valve operating 
system, however, the intake-side rocker arms are 
disposed adjacent one another in a section where 
the connection switchover mechanism is provided, 
but cams for the intake-side rocker arms and cams 
for the exhaust-side rocker arms are provided on 
the cam shaft adjacent one another in an axial 
direction. Therefore, the intake-side rocker arms 
cannot be disposed in a compact arrangement, 
resulting in an increase in size of even the connec- 
tion switchover mechanism and an increase in 
weight of the intake-side rocker arms, and resulting 
in difficulty maintaining the dimensional accuracy 
of the connection switchover mechanism. 

As a result, the present applicant has already 
proposed a valve operating system (in Japanese 
Patent Application Laid-open No. 1405/92) in which 
the exhaust-side rocker arms are disposed on op- 
posite sides of the three intake-side rocker arms in 
a position corresponding to the cam shaft, thereby 
providing a compact arrangement of the valve op- 
erating system. In this proposed technique, two or 
all of the three intake-side rocker arms are in direct 
sliding contact with the cams on the cam shaft 
whereby there is a significant friction loss in the 
valve operating system. In order to reduce the loss 



by friction, each of the intake-side rocker arms may 
be put into contact with the cam through a roller for 
a low-friction rolling contact. However, if the roller 
is supported by a pin on the intake-side rocker 

5 arm, the width of the intake-side rocker arm along 
the axis of the cam shaft in such roller area is 
relatively large, and the space required for the 
rocker arms is large in a direction along the axis of 
the cam shaft. This is not desirable from the 

io viewpoint of a compact arrangement of the engine. 
In addition, from the view point of an improve- 
ment in combustibility of the engine, it is desirable 
that the angle formed by axes of the intake valves 
and the exhaust valves projected on a plane includ- 

75 ing an axis of the cylinder is small. However, if the 
interference of the intake-side rocker arms and the 
exhaust-side rocker arms is to be avoided, to pro- 
vide a reduction in such angle the space for the 
rocker arms may be increased in the direction 

20 along the axis of the cam shaft, again resulting in 
difficulty in disposing the rocker arms in a compact 
arrangement. 

According to one aspect of the present inven- 
tion, there is provided a valve operating system for 

25 a plural cylinder internal combustion engine, com- 
prising first, second and third intake-side cams and 
first and second exhaust-side cams for each cyl- 
inder all provided on a single cam shaft, first and 
second intake-side rocker arms operatively con- 

30 nected independently to a pair of intake valves for 
each cylinder and a third intake-side rocker arm 
disposed between the first and second intake-side 
rocker arms, which arms are swingably carried on 
an intake-side rocker shaft in engagement with the 

35 first, second and third intake-side cams, respec- 
tively, first and second exhaust-side rocker arms 
operatively connected independently to a pair of 
exhaust valves for each cylinder and swingably 
carried on an exhaust-side rocker shaft in engage- 

40 ment with the first and second exhaust-sjde cams, 
respectively, and a connection switchover mecha- 
nism provided on the intake-side rocker arms ca- 
pable of switching-over the connection and dis- 
connection of the adjacent intake-side rocker arms, 

45 wherein the first to third intake-side cams are pro- 
vided adjacent one another in an axial direction on 
the cam shaft, the first, second and third intake- 
side rocker arms are disposed between the first 
and second exhaust-side cams, and at least two of 

so the first, second and third intake-side rocker arms, 
as well as the first and second exhaust-side rocker 
arms are put in rolling contact with each of the 
corresponding cams through rollers, the first and 
second exhaust-side rocker arms being provided 

55 with notches for accommodating portions of the 
first and second intake-side rocker arms, respec- 
tively. 
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At least in the preferred embodiments, it is 
possible to provide a reduction in valve-operating 
friction loss by the rollers, to dispose the intake 
valves and the exhaust valves at a small angle to 
improve the combustibility and further to dispose 
the rocker arms in a compact arrangement 

In addition to the above construction, if the 
second intake-side cam corresponding to the sec- 
ond intake-side rocker arm is provided with a re- 
duced width in an axial direction to have an outer 
surface substantially circular about an axis of the 
cam shaft, if the second intake-side rocker arm 
includes a notch provided therein for accommodat- 
ing a portion of the second exhaust-side rocker 
arm, and if the slipper on that rocker arm is pro- 
vided with a small width to come into direct sliding 
contact with the second intake-side cam, a more 
compact disposition of the rocker arms is possible. 

A preferred embodiment of the present inven- 
tion will now be described by way of example and 
with reference to the accompanying drawings, 
wherein; 

Fig. 1 is a longitudinal sectional side view of an 
essential portion of an internal combustion en- 
gine including a valve operating system, taken 
along a line 1-1 in Fig.2; 

Fig. 2 is a partially cutaway plan view of the 
essential portion of the engine shown in Fig. 1; 
Fig. 3 is an enlarged sectional view taken along 
a line 3-3 in Fig. 1 ; 

Fig. 4 is an enlarged sectional view taken along 
a line 4-4 in Fig. 1 ; 

Fig. 5 is a plan view similar to Fig. 2, but 
illustrating a modification of a lost motion 
mechanism; and 

Fig. 6 is a sectional view taken along a line 6-6 
in Fig. 5, 

Referring first to Fig, 1 , an essential portion of 
an engine body in a single overhead cam (SOHC) 
type multi-cylinder internal combustion engine is 
comprised of a cylinder block 10 and a cylinder 
head 11 coupled to an upper surface of the cyl- 
inder block 10. A piston 13 is slidably received in 
each of a plurality of cylinders 12 formed side by 
side in the cylinder block 10. A combustion cham- 
ber 14 is defined between an upper surface of 
each of the pistons 13 and the cylinder head 11. 

A pair of intake valve bores 15 and a pair of 
exhaust valve bores 16 are provided in the cylinder 
head 11 in such a manner that they are opened 
into a ceiling surface of each of the combustion 
chambers 14. The intake valve bores 15 are con- 
nected to a single intake port 1 7 opened into one 
side of the cylinder head 1 1 , and the exhaust valve 
bores 16 are connected to a single exhaust port 18 
opened into the other side of the cylinder head 11. 
A pair of intake valves V n and V !2 capable of 
independently opening and closing the intake valve 



bores 15 are slidably received in a pair of cylin- 
drical guides 19 disposed in the cylinder head 11. 
A coiled valve spring 21 is interposed between the 
cylinder head 11 and a retainer 20 to surround 
5 each of the intake valves V (1 and V J2 . The retainer 
20 is fixed to an upper end of each of the intake 
valves Vn and V, 2 that projects from the corre- 
sponding cylindrical guide 19. Each of the intake 
valves V n and V, 2 is biased upwardly, i.e., in a 
10 valve-closing direction by the valve spring 21. A 
pair of exhaust valves V E1 and V E2 capable of 
independently opening and closing the exhaust 
valve bores 16 are slidably received in a pair of 
cylindrical guides 22 disposed in the cylinder head 
75 11. A coiled valve spring 24 is interposed between 
the cylinder head 1 1 and a retainer 23 to surround 
each of the exhaust valves V E1 and V E2 . The re- 
tainer 23 is fixed to an upper end of each of the 
exhaust valves V E1 and V E2 is that projects from the 
20 corresponding cylindrical guide 22. Each of the 
exhaust valves V E1 and V E2 are biased upwardly, 
i.e., in a valve closing direction by the spring 24. 

Referring also to Figs. 2, 3 and 4, intake valve 
driving means 26 is interposed between a single 
25 cam shaft 25 operatively connected to a crankshaft 
(not shown) at a reduction ratio of 1/2 and each of 
the intake valves V n and V !2 for every cylinder 12. 
The intake valve driving means 26 is adapted to 
convert the rotational motion of the cam shaft 25 
30 into an opening and closing motion of each of the 
intake valves V n and V !2 . Exhaust valve driving 
means 27 is interposed between the cam shaft 25 
and each of the exhaust valves V Et and V E2 for 
every cylinder 12. The exhaust valve driving means 
35 27 is adapted to convert the rotational motion of 
the cam shaft 25 into an opening and closing 
motion of each of the exhaust valves V E1 and V E2 . 

The cam shaft 25 is rotatably supported by the 
cylinder head 11 and a holder 28 coupled to the 
40 cylinder head 11 and has a horizontal axis per- 
pendicular to the axis of each cylinder 12. As is 
clearly shown in Fig. 3, first and second intake-side 
cams 31 and 32 and a third intake-side cam 33 
therebetween are integrally provided on the cam 
45 shaft 25 in correspondence to each cylinder 12. 
The first intake-side cam 31 is intended to open 
and close the intake valve V M mainly during opera- 
tion of the engine at a low speed and includes a 
circular base portion 31a uniformly spaced from 
so the center of the cam shaft 25, and a lobe portion 
31b projecting radially outwardly from the circular 
base portion 31a. The second intake-side cam 32 
is intended to bring the intake valve V, 2 into a 
substantially inoperative state mainly during opera- 
55 tion of the engine at a low speed and is provided 
on the cam shaft 25 with an axially reduced width 
and a substantially circular contour corresponding 
to the circular base portion 31a of the first intake- 
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side cam 31. It should be noted that at a portion 
corresponding to the lobe portion 31b of the first 
intake-side cam 31 , the second intake-side cam 32 
is provided with a projection slightly protruding 
radially outwardly. The third intake-side cam 33 is 
intended to open and close the intake valves V n 
and V| 2 mainly during operation of the engine at a 
high speed and includes a circular base portion 
33a corresponding to the circular base portion 31a 
of the first intake-side cam 31, and a lobe portion 
33b projecting outwardly radially of the cam shaft 
25 from the circular base portion 33a at an amount 
larger than that of the lobe portion 31b of the first 
intake-side cam 31 and over a rotational angle 
wider than that of the lobe portion 31 b. 

First and second exhaust-side cams 34 and 35 
are integrally provided on the cam shaft 25 in 
correspondence to each cylinder 1 2 so as to sand- 
wich the first, second and third intake-side cams 
31, 32 and 33 therebetween from opposite sides. 
The exhaust-side cams 34 and 35 each have a 
shape suitable for opening and closing the exhaust 
valves V E i and V E2l suitable for all the operational 
conditions of the engine. 

The intake valve driving means 26 comprises a 
first intake-side rocker arm 36 operatively con- 
nected to one of the intake valves V n a second 
intake-side rocker arm 37 operatively connected to 
the other intake valves V| 2 , and a third intake-side 
rocker arm 38 adjacently disposed between the 
first and second intake-side rocker arms 36 and 37 
but not directly connected to either intake value. 
The rocker arms 36, 37 and 38 are swingably 
carried on an intake-side rocker shaft 39 which is 
fixedly supported on the holder 28 above and lat- 
erally of the cam shaft 25 and has an axis parallel 
to the cam shaft 25. The exhaust valve driving 
means 27 comprises first and second rocker arms 
41 and 42 operatively connected independently to 
the exhaust valves V E1 and V E2 . The first and 
second exhaust-side rocker arms 41 and 42 are 
swingably carried on an exhaust-side rocker shaft 
40 which is fixedly supported on the holder 28 
above and laterally of the cam shaft 25 in parallel 
to the cam shaft 25. 

A roller 43 is supported by a pin at one end of 
the first intake-side rocker arm 36 to come into 
rolling contact with the first intake-side cam 31 , and 
a roller 44 is supported by a pin at one end of the 
third intake-side rocker arm 38 to come into rolling 
contact with the third intake-side cam 33. Further, 
rollers 45 and 46 are each supported by a pin at 
one end of the first and second exhaust-side rocker 
arms 41 and 42 to come into roiling contact with 
the first and second exhaust-side cams 34 and 35, 
respectively. 

Moreover, referring to Fig. 2, the first and sec- 
ond exhaust-side rocker arms 41 and 42 are pro- 



vided, on opposed sides at one end thereof, with 
notches 47 and 48 for accommodating portions of 
one end of the first and second intake-side rocker 
arms 36 and 37 adjacent thereto. Similarly, the 

5 second intake-side rocker arm 37 is provided, at 
the side end portion thereof opposed to the adja- 
cent second exhaust-side rocker arm 42, with a 
notch 49 which accommodates a portion of the one 
end of the second exhaust-side rocker arm 42, and 

w with a slipper 50 having a reduced width compared 
to the second intake-side cam 32 and positioned to 
come into sliding contact with the second intake- 
side cam 32. As is clearly shown in Fig. 2, the 
notch 48 in the second exhaust rocker arm 42 and 

15 the notch 49 in the second intake-side rocker arm 
37 are disposed in an opposed relation to each 
other, so that the remaining portions of each of the 
rocker arms 42 and 37 are disposed in an over- 
lapped manner in the axial direction of the cam 

20 shaft 25. 

A tappet screw 51 is threadedly mounted in the 
other end of each of the first and second intake- 
side rocker arms 36 and 37 to abut against the 
upper end of the corresponding one of the intake 

25 valves V n and V J2 for conventional lash adjustment. 
The intake valves V n and V, 2 are operated for 
opening and closing in accordance with the swing- 
ing movement of the first and second intake-side 
rocker arms 36 and 37, respectively. A tappet 

so screw 52 is threadedly mounted in the other end of 
each of the first and second exhaust-side rocker 
arms 41 and 42 to abut against the upper end of 
the corresponding one of the exhaust valves V E i 
and V E2 for each adjustment. The exhaust valves 

35 V E i and V E2 are operated for opening and closing 
in accordance with the swinging movement of the 
first and second exhaust-side rocker arms 41 and 
42, respectively. 

A support plate 53 is fixed on the holders 28 

40 that are located between adjacent cylinders 12 for 
the support plate to extend over the cylinders and 
above the camshaft 25. The support plate 53 is 
provided with a lost motion mechanism 54 for 
resiliently biasing the third intake-side rocker arm 

45 38 toward the third intake-side cam 33 for inhibiting 
bouncing of the rocker arm 38 on cam 33. 

The lost motion mechanism 54 includes a bot- 
tomed cylindrical guide member 55 fitted in the 
support plate 53 and an urging member 56 slidably 

so received in the guide member 55. The urging 
member 56 is provided, at an end thereof adjacent 
the third intake-side rocker arm 38, with a tapered 
abutment 56a which abuts against the rocker arm 
38. A stopper 57 is detachably secured to an inner 

55 surface of the guide member 55 adjacent the 
downwardly facing opening therein to engage the 
urging member 56. A spring 58 is interposed be- 
tween the urging member 56 and the guide mem- 
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ber 55 to resiliency bias the urging member 56 in a 
direction to bring it into abutment against the third 
intake-side rocker arm 38. 

A projection 59 is provided in an upwardly 
protruding manner at one end of the third intake- 5 
side rocker arm 38 to abut against the abutment 
56a of the urging member 56 of the lost motion 
mechanism 54. It is to be noted that the projection 
59 is provided on either side of the roller 44 
because the roller 44 is centrally has been sup- w 
ported by the pin at one end of the third intake- 
side rocker arm 38. In the present embodiment, the 
projection 59 is provided at one end of the third 
intake-side rocker arm 38 on the side of the roller 
44 closer to a center line C (see Fig. 2) between is 
the pair of intake valves Vn and V {2 . 

Referring more particularly to Fig. 4, the intake 
valve driving means 26 is provided with a connec- 
tion switchover mechanism 60 which is capable of 
switching-over the connection and disconnection of 20 
the intake-side rocker arms 36, 37 and 38 in accor- 
dance with the operational condition of the engine. 
The connection switchover mechanism 60 com- 
prises a connecting piston 61 capable of connect- 
ing the first and third intake-side rocker arms 36 25 
and 38, a connecting pin 62 capable of connecting 
the third and second intake-side rocker arms 38 
and 37, a restraining member 63 for restraining the 
movement of the connecting piston 61 and the 
connecting pin 62, and a return spring 64 for bias- 30 
ing the connecting piston 61, the connecting pin 62 
and the restraining member 63 in a connection 
releasing direction. 

The first intake-side rocker arm 36 has a first 
bottomed guide hole 65 provided therein in parallel 35 
to the intake-side rocker shaft 39 and opened to- 
ward the third intake-side rocker arm 38. The con- 
necting piston 61 is slidably received in the first 
guide hole 65, so that a hydraulic pressure cham- 
ber 66 is defined between one end of the connect- ao 
ing piston 61 and a closed end of the first guide 
hole 65, A communication passage 67 is provided 
in the first intake-side rocker arm 36 to commu- 
nicate with the hydraulic pressure chamber 66, and 
a hydraulic pressure supply passage 68 is pro- 45 
vided in the intake-side rocker shaft 39 to lead to a 
hydraulic pressure supply source which is not 
shown. The hydraulic pressure supply passage 68 
normally communicates with the communication 
passage 67 and thus the hydraulic pressure cham- 50 
ber 66, despite the swinging movement of the first 
intake-side rocker arm 36. 

A guide hole 69 is provided in the third intake- 
side rocker arm 38 in parallel to the intake-side 
rocker shaft 39 in correspondence to the first guide 55 
hole 65 to extend between opposite side surfaces 
thereof. The connecting pin 62 having its one end 
abutting against the other end of the connecting 



piston 61 is slidably received into the guide hole 
69. 

A second bottomed guide hole 70 is provided 
in the second in take-side rocker arm 37 in parallel 
to the intake-side rocker shaft 39 in correspon- 
dence to the guide hole 69 and opened toward the 
third intake-side rocker arm 38. The bottomed cy- 
lindrical restraining member 63 abutting against the 
other end of the connecting pin 62 is slidably 
received in the guide hole 70. The restraining 
member 63 is disposed with its open end directed 
toward the closed end of the second guide hole 70. 
A collar 63a projects radially outwardly at the open 
end of the restraining member 63 to come into 
sliding contact with an inner surface of the second 
guide hole 70. The return spring 64 is mounted in a 
compressed manner between the closed end of the 
second guide hole 70 and the closed end of the 
restraining member 63. The connecting piston 61, 
the connecting pin 62 and the restraining member 
63 abutting against one another are biased toward 
the hydraulic pressure chamber 66 by a resilient 
force of the return spring 64. Moreover, the closed 
end of the second guide hole 70 is provided with a 
communication hole 71 for venting air and oil. 

A retaining ring 72 is fitted to an inner surface 
of the second guide hole 70 and engageable with 
the collar 63a of the restraining member 63. The 
retaining ring 72 prevents the restraining member 
63 from slipping out of the second guide hole 70. 

In such connection switchover mechanism 60, 
a spring pin 73 is provided on each of the side 
surfaces of the first and second intake-side rocker 
arms 36 and 37 facing the third intake-side rocker 
arm 38 and is adapted to engage the third intake- 
side rocker arm 38 upon extreme relative swinging 
movement, while permitting the normal swinging 
movement of the first and second intake-side roc- 
ker arms 36 and 37 relative to the third intake-side 
rocker arm 38 during valve operation. The spring 
pins 73 serves to inhibit the connecting piston 61 
and the connecting pin 62 from falling out of the 
first and third intake-side rocker arms 36 and 38 in 
the condition in which the intake-side rocker arms 
36, 37 and 38 have been assembled on the intake- 
side rocker shaft 39 but before those rocker arms 
are confined by the cam shaft 25 and valves. 

A spark plug 74 is disposed at a central portion 
of a ceiling surface of the combustion chamber 14. 
A plug pipe 75 for inserting the spark plug 74 is 
disposed in the cylinder head 11. The first and 
second exhaust-side rocker arms 41 and 42 are 
disposed to come into contact with the first and 
second exhaust-side cams 34 and 35 of the cam 
shaft 25 on opposite sides of the first, second and 
third intake-side rocker arms 36, 37 and 38 which 
are disposed adjacent one another. This enables a 
relatively wide space to be insured between the 
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exhaust-side rocker arms 41 and 42 and also en- 
ables the exhaust valves V E1 and V E2 to be dis- 
posed at a relatively large distance spaced from 
each other. Therefore, the plug pipe 75 is disposed 
in the cylinder head 11 with its axis disposed 
between the axes of the exhaust valves V E i and 
V E2 , i.e., so as to lie between both the exhaust 
valves V E1 and V E2 as well as between both the 
exhaust-side rocker arms 41 and 42. The spark 
plug 74 inserted into the plug pipe 75 is screwed 
into the cylinder head 11 to face the central portion 
of the ceiling surface of the combustion chamber 
14. 

The operation of this embodiment now will be 
described. In the intake valve driving means 26, the 
hydraulic pressure in the hydraulic pressure cham- 
ber 66 in the connection switchover mechanism 60 
is released during operation of the engine at a low 
speed. As a result, the connecting piston 61, the 
connecting pin 62 and the restraining member 63 
are in their disconnected states, as shown in Fig„ 4, 
in which they have been moved to the maximum 
extend toward the hydraulic pressure chamber 66 
by the spring force of the return spring 64. In this 
condition, the abutment surfaces of the connecting 
piston 61 and the connecting pin 62 are in a 
location between the first and third intake-side roc- 
ker arms 36 and 38, and the abutment surfaces of 
the connecting pin 62 and the restraining member 
63 are in a location between the third and second 
intake-side rocker arms 38 and 37. Therefore, the 
rocker arms 36, 37 and 38 are in their states in 
which they can be displaced angularly relative to 
one another. 

In such disconnected condition, the first intake- 
side rocker arm 36 is swung in response to the 
sliding contact with the first intake-side cam 31 by 
the rotation of the cam shaft 25, so that one of the 
intake valves Vn is opened and closed with a 
timing and a lift amount depending upon the shape 
of the first intake-side cam 31 . On the other hand, 
the second intake-side rocker arm 37 is in its 
substantially resting state in response to the sliding 
contact with the second intake-side cam 32, and 
the other intake valve V !2 becomes substantially 
inoperative. In this case, the third intake-side rocker 
arm 38 will be swung in response to the rolling 
contact with the third intake-side cam 33, but such 
a swinging movement exerts no influence on the 
first and second intake-side rocker arms 36 and 37. 
In addition, the exhaust valves V E1 and V E2 are 
opened and closed with a timing and a lift amount 
depending upon the shapes of the first and second 
exhaust-side cams 34 and 35. 

During operation of the engine at a high speed, 
a high hydraulic pressure is supplied to the hydrau- 
lic pressure chamber 66. This causes the connect- 
ing piston 61, the connecting pin 62 and the re- 



straining member 63 in the connection switchover 
mechanism 60 of the intake valve driving means 26 
to be moved to their connected positions against 
the spring force of the return spring 64. As a result, 

s the connecting piston 61 is received into the guide 
hole 69, while the connecting pin 62 is received 
into the second guide hole 70, thereby causing the 
intake-side rocker arms 36, 37 and 38 to be con- 
nected together. During this time, the amount of 

70 swinging movement of the third intake-side rocker 
arm 38 in rolling contact with the third intake-side 
cam 33 is largest and hence, the first and second 
intake-side rocker arms 36 and 37 are swung in 
unison with the third intake-side rocker arm 38, so 

15 that the intake valves V n and V (2 are opened and 
closed with a timing and a lift amount depending 
upon the shape of the third intake-side cam 33. 

During the operation of the engine at the high 
speed, the first and second exhaust-side rocker 

20 arms 41 and 42 in the exhaust valve driving means 
27 continue to cause the exhaust valves V Ei and 
V E2 to be opened and closed with a timing and a 
lift amount depending upon the shapes of the first 
and second exhaust-side cams 34 and 35 

25 By changing the opening and closing mode of 

the intake valves V h and V, 2 between the operation 
of the engine at a high speed and the operation of 
the engine at a low speed, a valve-operating char- 
acteristic suitable to the operation of engine can be 

30 established, thereby providing an enhanced output 
from the engine. 

In such an internal combustion engine, the first, 
second and third intake-side rocker arms 36, 37 
and 38 are disposed adjacent one another in an 

35 appropriate position corresponding to the cam shaft 
25, and therefore, they can be disposed in a com- 
pact arrangement. As a result, the connection 
switchover mechanism 60 is arranged in a compact 
construction, thereby not only enabling the dimen- 

40 sional accuracy of the components of the connec- 
tion switchover mechanism 60 to be easily im- 
proved in order to provide a smooth operation of 
the connection switchover mechanism 60, but also 
contributing a reduction in the weight of the intake- 

45 side rocker arms 36, 37 and 38. 

By efficiently using the space resulting from 
the disposition of the first and second exhaust-side 
rocker arms 41 and 42 on the opposite sides of the 
intake valve driving means 26, the plug pipe 75 is 

so disposed in the cylinder head 11, so that its axis is 
located between the axes of the exhaust valves V E1 
and V E2 , leading to a compact arrangement of the 
entire system. 

Moreover, the first and third intake-side rocker 

55 arms 36 and 38 are in rolling contact with the first 
and third intake-side cams 31 and 33 through the 
rollers 43 and 44, and the first and third exhaust- 
side rocker arms 41 and 42 are in rolling contact 



6 



11 



EP 0 601 250 A1 



12 



with the first and third exhaust-side cams 34 and 
35 through the rollers 45 and 46, thereby making it 
possible to reduce the loss of valve-operating fric- 
tion to the utmost. 

Further, since the notches 47 and 48 for ac- s 
commodating portions of one end of the adjacent 
first and second intake-side rocker arms 36 and 37 
are provided in the opposed sides of one end of 
the first and second exhaust-side rocker arms 41 
and 42, the intake-side rocker arms 36, 37 and 38 w 
and the exhaust-side rocker arms 41 and 42 can 
be disposed adjacent one another in a direction 
along the axis of the cam shaft 25 with the total 
axial dimension reduced suppressed significantly to 
a short amount, while avoiding the mutual interfer- is 
ence between the first and second intake-side roc- 
ker arms 36 and 37 and the first and second 
exhaust-side rocker arms 41 and 42, despite the 
use of the four rollers 43, 44, 45 and 46. In addition 
to this, it is possible to reduce the distance be- 20 
tween the intake-side rocker shaft 39 and the ex- 
haust-side rocker shaft 40, and to diminish, to the 
utmost, the angle a (see Fig. 1) formed by the axes 
of the intake valves Vn and V J2 and the exhaust 
valves V E1 and V E2 projected on a plane including 25 
the axis of the cylinder 12, thereby providing an 
improvement in combustibility in the combustion 
chamber 14. 

Yet further, by reducing the width of the sec- 
ond intake-side cam 32 as well as the slipper 50 in 30 
sliding contact with the second intake-side cam 32 
and by providing the notch 49 for accommodating 
a portion of the one end of the second exhaust- 
side rocker arm 42 at the one end of the second 
intake-side rocker arm 37, the intake-side rocker 35 
arms 36, 37 and 38 and the exhaust-side rocker 
arms 41 and 42 are disposed adjacent one another 
in a very compact arrangement. 

The lost motion mechanism 54 serves to bias 
the third intake-side rocker arm 38 toward the third 40 
intake-side cam 33 in the position proximate to the 
center line between the pair of intake valves V n 
and V l2 . In the present embodiment, when the 
connection switchover mechanism 60 has been 
brought into the connecting state, the distances 45 
from the point of application of the force from the 
third intake-side cam 33 to the third intake-side 
rocker arm 38 and then to the intake valves Vn and 
Vj 2 is substantially equalized and therefore, the 
opening and closing behavior of the intake valves 50 
V t1 and V| 2 can be stabilized with no need for an 
increase in load of the valve springs 21 . This also 
contributes to a reduction in loss of valve- 
operationing friction. 

Figs. 5 and 6 illustrate a modification of the lost 55 
motion mechanism 54* „ The lost motion mecha- 
nism 54' is provided in the cylinder head 11 at a 
substantially central location between the intake 



valves V M and V i2 for producing a resilient upward 
force. A projection 59' for receivinjg the resilient 
force from the lost motion mechanism 54' is pro- 
vided in a downwardly protruding fashion on a third 
intake-side rocker arm 38' which is swingabiy car- 
ried on the intake-side rocker shaft 39 between the 
first and second intake-side rocker arms 36 and 37. 
The remaining components of the valve operating 
system remain the same and a numbered the 
same. Even in this modification, the beneficial ef- 
fects similar to those in the previously described 
arrangement can be provided. 

Claims 

1. A valve operating system in an internal com- 
bustion engine, comprising 

first, second and third intake-side cams 
and first and second exhaust-side cams all 
provided on a single cam shaft associated with 
a cylinder of the engine, 

first and second intake-side rocker arms 
operatively connected independently to a pair 
of intake valves for the cylinder and a third 
intake-side rocker arm disposed between the 
first and second intake-side rocker arms, which 
arms are swingabiy carried on an intake-side 
rocker shaft for engagement with said first, 
second and third intake-side cams, respec- 
tively, 

first and second exhaust-side rocker arms 
operatively connected independently to a pair 
of exhaust valves for the cylinder and swing- 
abiy carried on an exhaust-side rocker shaft for 
engagement with said first and second ex- 
haust-side cams, respectively, and 

a connection switchover mechanism pro- 
vided on the intake-side rocker arms and ca- 
pable of switching-over the connection and dis- 
connection of the adjacent intake-side rocker 
arms, wherein 

said first to third intake-side cams are pro- 
vided adjacent one another in an axial direction 
on said cam shaft, said first, second and third 
intake-side rocker arms are disposed between 
said first and second exhaust-side rocker arms, 
and at least two of said first, second and third 
intake-side rocker arms, as well as said first 
and second exhaust-side rocker arms, are ar- 
ranged for rolling contact with the correspond- 
ing cams through rollers, said first and second 
exhaust-side rocker arms being provided with 
notches for accommodating portions of said 
first and second intake-side rocker arms, re- 
spectively. 

2. A valve operating system in an internal com- 
bustion engine according to claim 1, wherein 
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said second intake-side cam corresponding to 
said second intake-side rocker arm has an 
outer surface substantially circular about an 
axis of the cam shaft, the second intake-side 
cam having a substantially narrow width in an 
axial direction, and said second intake-side 
rocker arm being provided with a notch for 
accommodating a portion of said second ex- 
haust-side rocker arm and with a slipper hav- 
ing a small width to come into direct sliding 
contact with said second intake-side cam. 

3. A valve operating system in an internal com- 
bustion engine according to claim 1 or 2, fur- 
ther including a lost motion mechanism pro- 
vided in proximity to a center line between 
said pair of intake valves. 

4. A valve operating system in an internal com- 
bustion engine according to claim 3, wherein 
said lost motion mechanism is associated with 
said third intake-side rocker arm, which is dis- 
posed in the middle. 

5. A valve operating system in an internal com- 
bustion engine according to any preceding 
claim, further including a plug pipe for a spark 
plug, which plug pipe is disposed between 
said pair of exhaust valves and between said 
first and second exhaust-side rocker arms. 

6. In a valve operating system for a plural cyl- 
inder overhead cam type internal combustion 
engine having 

first, second and third intake-side cams 
and first and second exhaust-side cams all 
provided on a single cam shaft positioned 
above at least one cylinder, 

first and second intake-side rocker arms 
operatively connected independently to a pair 
of intake valves for the cylinder and a third 
intake-side rocker arm disposed between the 
first and second intake-side rocker arms, which 
arms are swingably carried on an intake-side 
rocker shaft for engagement with said first, 
second and third intake-side cams, respec- 
tively, 

first and second exhaust-side rocker arms 
operatively connected independently to a pair 
of exhaust valves for the cylinder and swing- 
ably carried on an exhaust-side rocker shaft for 
engagement with said first and second ex- 
haust-side cams, respectively, and 

a connection switchover mechanism pro- 
vided on the intake-side rocker arms and ca- 
pable of switching-over the connection and dis- 
connection of the adjacent intake-side rocker 
arms, 



said first to third intake-side cams being 
provided adjacent one another in an axial di- 
rection on said cam shaft, said first, second 
and third intake-side rocker arms being dis- 
5 posed between said first and second exhaust- 

side cams, 

at least two of said first, second and third 
intake-side rocker arms, as well as said first 
and second exhaust-side rocker arms being 

w provided with rollers for rolling contact with the 

corresponding cams, and 

said first and second exhaust-side rocker 
arms being provided with axial notches reduc- 
ing their width in the axial direction of the 

75 camshaft near the camshaft for accommodat- 

ing portions of said first and second intake- 
side rocker arms, respectively, near the cam- 
shaft and reducing the overall width of the 
combined rocker arms in said axial direction. 

20 

7. A valve operating system according to claim 6, 
wherein said second intake-side cam corre- 
sponding to said second intake-side rocker 
arm has an outer surface substantially circular 

25 about an axis of the cam shaft, the second 

intake-side cam having a substantially narrow 
width in an axial direction, and said second 
intake-side rocker arm being provided with an 
axial notch for accommodating an axial portion 

30 of said second exhaust-side rocker arm for 

further reducing the combined axial width of 
the rocker arm. 

8. A valve operating system according to claim 7, 
35 wherein said second intake-side rocker arm is 

provided with a slipper for engaging said sec- 
ond intake-side cam, said slipper having a 
narrow width in the axial direction. 

40 9. A valve operating system according to claims 
6, 7 or 8, further including a plug pipe for a 
spark plug, which plug pipe is disposed be- 
tween said pair of exhaust valves and between 
said first and second exhaust-side rocker arms. 

45 



50 
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